This paper aims to validate a simulation system for exploring the land-use impacts on travel behaviour. The system simulates urban layout and travel behaviour. The key parameters and input for simulating urban layout are calibrated by Eindhoven, and a set of hypothetic cities are then generated to validate the travel behaviour, with the measurement of entropy employed measuring the land use pattern. The results show that the simulation system can generate a variety of land use patterns, and the different travel behaviour of the land use patterns are captured. The results also show that when the land use patterns are similar to a real city pattern, their travel behaviour is similar as well. The system is proved to be a helpful simulation tool to explore the impacts of land use on travel behaviour.
Introduction
To relieve the traffic congestion in cities and to reduce the energy consumption and transport emissions, people try to reduce the vehicle travel and encourage active travel (walking and cycling) and public transport. Besides traffic policies and management, the land use policies are believed helpful to affect travel behaviour. For example, mixing land use could reduce vehicle use and encourage active travel (Ewing and Cervero, 2010; Spears et al., 2014 ).
To relieve the traffic congestion in cities and to reduce the energy consumption and transport emissions, people try to reduce the vehicle travel and encourage active travel (walking and cycling) and public transport. Besides traffic policies and management, the land use policies are believed helpful to affect travel behaviour. For example, mixing land use could reduce vehicle use and encourage active travel (Ewing and Cervero, 2010; Spears et al., 2014) .
The causal effects of land use (also named built environment or urban form) on travel behaviour received more concern (Ding et al., 2016) . In many related studies, the travel-behaviour variables are regressed on the independent land-use variables and sociodemographic variables (Boarnet, 2011 
Despite a large amount of existed studies, there is little consensus due to the different empirical contexts, methodologies, geographic scale, and residential self-selection (Ding et al., 2016) .
Most studies have measured the land-use variables at the neighbourhood level (Boarnet, 2011) . Only a few research has compared different geographic scales (Hong et al., 2014; Milakis et al., 2015; Nasri and Zhang, 2015) . Results suggest that measures of land use variables at a regional or metropolitan level usually have a larger magnitude of correlation with travel behaviour than those at the neighbourhood level (Boarnet, 2011; Ewing and Cervero, 2010) . This is because of a good portion of long trips in metropolitan areas (Boarnet, 2011) . Thus, the metropolitan-level scale is more important.
The residential self-selection means that people choose their residential locations based on their travel preferences, which implies that the effect of land use on travel is not wholly causal. The ideal method for solving the self-selection problem is to randomly assign persons to different locations and then observe differences in their travel behaviour, which is rarely realistic (Brownstone, 2008) . One of the best alternatives is to collect panel data following households over time, but the data are very expensive (Brownstone, 2008) ; another is to integrate models of location choice, car ownership, and travel behaviour, but the nonlinearity in the joint models makes simultaneous estimation complex (Boarnet, 2011) . Besides the residential self-selection, the self-selection of employment locations is also important.
Simulation method has the potential to solve the self-selection problem perfectly that is hard for empirical studies. In a simulation, the residents can be randomly assigned to locations of residential land use, and their workplaces may also be allocated randomly to employment locations. This is the ideal way mentioned by Brownstone. Besides, it is convenient for a simulation system to test the possibly non-linear impacts of the land-use variables on travel behaviour by keeping other variables fixed, which is almost impossible for empirical research.
The objective of this paper is to validate a simulation system designed to explore the impacts of land use on travel behaviour. After a brief description of the system, it is calibrated by Eindhvoen and then the results are validated. The system is proved as a useful tool for exploring the impacts of land use on travel behaviour.
Simulation system

Overview of the simulation framework
The basic idea of the simulation research is to simulate hypothetic urban layouts and their travel behaviour, and then to explore the impacts of land use on travel behaviour via analysing the simulated results, see Figure 1 . The simulation system consists of a sub-system of urban-layout simulation and another sub-system of travel-behaviour simulation. A multi-state supernetwork model (MSN model) developed by Liao et al. (Liao et al., 2010 (Liao et al., , 2013 was employed to simulate the travel behaviour; an urban-layout simulation module was programmed on the NetLogo platform. In this section, we briefly describe the simulation system, especially the urban-layout module, because the system has many new advancements since its early prototype (Lyu et al., 2017) .
The hypothetic urban layout consists of three layers: population density, land use, and road network. The hierarchy of road network includes Highway, Arterial, Distributor, and Local, which divide a city into districts and neighbourhoods. A district is defined as a spatial unit surrounded by arterials and highways, and a neighbourhood is surrounded by distributors. Five types of land use are considered: Residence, Commerce, Office, Industry, Green&Open. Table 1 shows the input and key parameters of the urban-layout generator. With the Urban Area, the area of the simulated city, a clear urban built area could be generated firstly ( Figure 2 ). 
Simulation of population
To simulate population distribution, users first input the Population of the city, and then select the Density-Model from a population density model library and input its parameters to generate an ideal population map. The map would then interact with the land-use allocation module to generate a realistic population density map.
Simulation of road network
The Highway was not obligatory to build. The construction of Arterial and Distributor was controlled by parameters of road span, the Distance-Arterial and Distance-Distributor, as well as a road pattern selected from a road-pattern library. The Arterial and Distributor formed a skeleton of the road network and divided the city into Districts and Neighbourhoods. After the land use allocation on neighbourhoods, the Local was built within each neighbourhood, interacting with land use. The density of Local was higher in neighbourhoods with a large percent of the Residence, Office, and Commerce, and lower with the Industry and Green&Open.
Based on the road network layer, a public transport system was built. The bus stations were allocated along with arterials and distributors, controlled by a parameter of station span. Another parameter controlled the time span to form the timetable of buses.
Simulation of land use
The land use was firstly allocated to districts and then to neighbourhoods. The algorithm of allocation was based on the What-If? land-use planning support system (Klosterman, 2001) , consisting of two steps: to calculate land use suitability of each spatial unit, and to allocate land use to areas with the highest suitability. The suitability was calculated by the following formula:
where Sik is the suitability of land unit i for land use k, wkj is the weight of factor j for land use k, and rij is the rating of land unit i on factor j. The parameter Iteration (see Table 1 ) was used to control the degree of interaction among land uses in the allocating process. The parameters Dispersion-D-i and Dispersion-N-i controlled the compactness of every land use, at the district level or neighbourhood level.
The allocation of the Residence was an exception. The Residence was directly allocated at the district level according to the population of each district, not calculating the suitability. At the neighbourhood level, however, the allocation was similar with other land uses. If the available land of a neighbourhood was not enough for the residents, the surplus people were then moved to other neighbourhoods with high residence-suitability, adjusting the population density map simultaneously.
Simulation of travel behaviour
The MSN model was employed to simulate the travel behaviour. The MSN model integrates the networks of transport, land uses as locations of facilities and services, and individuals' activity programs, which could model the travel mode, route, and activity location. The suitability of the MSN model for evaluating land use-transport scenarios was demonstrated by an application in Rotterdam (Liao et al., 2017) .
The activity program, an input of the MSN model, was extracted from real travel-survey data. In hypothetic cities, the home and work locations in the activity program needed to be allocated in accordance with the land use condition. The home locations were allocated based on population density, while the work locations were based on employment density estimated by the land use of Office and Industry, see Figure 3 . 
Data
The city of Eindhoven was selected to calibrate and validate the simulation system. Eindhoven is a Dutch city, with an area of 89 km 2 and a population of 223220 in the year 2012. The population density of Eindhoven came from the Wijk-en Buurtkaart 2012 (District and Neighbourhood Map), the land use was extracted from the Bestand Bodemgebruik 2012 (Soil usage file), the road network was drawn from the Nationaal Wegen Bestand 2011 (National Roads File), and the public transport data came from 9292 (a platform providing travel information on public transport in the Netherlands).
The activity programs were extracted from the OViN 2011 -2013 (Dutch national travel-diary surveys). The travellers of Eindhoven were selected, and the inter-city trips were excluded. The activities or trip-motivations of OViN were recoded, to be in accordance with the land use map. The adjustment was shown in Table 2 . 
Calibration and validation
Based on the regression model of formula (1), it is reasonable to assume that the same group of travellers (same values of sociodemographic variables) would have the same pattern of travel behaviour in different cities with a same land-use pattern (same values of land-use variables). Therefore if a hypothetic city can capture key land-use variables of a real city, its travel behaviour would be reasonably similar to the real travel behaviour, and then the result of landuse impacts on travel behaviour, which is concluded from simulated results, would be credible.
The strategy of validation was to demonstrate that the simulation system could generate hypothetic cities which captured key land-use variables of real cities, and the simulated travel behaviour was also close to the real situation. Eindhoven was selected as a benchmark, with the urban layout for calibration and the travel behaviour for validation.
Calibration
With the population density of Eindhoven, a curve estimation was processed with SPSS, see Table 3 . The Quadratic model was chosen to simulate population. The length of arterials in Eindhoven was the criteria to value the Distance-Arterial, while both of the length of distributors and the number of neighbourhoods were considered to set the value of Distance-Distributor because the neighbourhoods were formed by the distributors. The values of Land use Amount were calculated by Eindhoven's land use map. The key input values were shown in table 4, and the calibrated results were shown in table 5. 
Validation
The key variables of population and road network had been calibrated, with land use variables of Dispersion-D-i and Dispersion-N-i to be tested in this section (see Table 6 , the suffixes of -R, -I, -C, -O, and -G represent the land use of residence, industry, commerce, office, and green). The two groups of variables control the compactness of land uses at the district level and the neighbourhood level, together controlling the land use pattern of hypothetic cities.
The testing strategy was to generate different land use patterns and then to see how the land use pattern affect travel behaviour. We used entropy to measure the land use pattern. The entropy is a widely used variable measuring land use mix, as well as an important variable in the regression land use -travel behaviour model. The Entropy-D and Entropy-N (see Table 6 ), the weighted average entropy at the district level and neighbourhood level, were employed to measure the degree of land use mix. To test the effect of land use mix over all, cities of lowest land use mix, mid-range mix, and highest mix were generated. In H1, H2, and H3 the Dispersion-D-i and Dispersion-N-i increased simultaneously, resulting in an obvious increase of Entropy-D and Entropy-N. With the increase of land use mix, the car-use dropped obviously from 59.36% to 45.86%, while the active travel (biking and walking) increased steadily, although the cycling dropped and the walking increased.
To test the change in land use pattern at different levels, the H4, H5, and H6 were generated. From H4 to H2 and then to H5, the Dispersion-D-i increased, with Dispersion-N-i stable. Both the entropies increased. So the Dispersion-D-i affected the district-level and the neighbourhood-level land use mix. From H6 to H5 and then to H3, the Dispersion-D-i kept stable, with Dispersion-N-i increased. This time the Entropy-D stayed, while the Entropy-N increased. So the Dispersion-N-i only affect the neighbourhood-level land use mix. Moreover, the same trend appeared that when land use mix increased, the car-use decreased and active transport increased.
To test the impact of residence and employment, the H7, H8, H9, and H10 were generated. In H1, H7, and H8, only the Dispersion-N-R increased. It was interesting that the impact of residence was nonlinear: with an increasing mix of residence, the car-use dropped first and then increased, while the active transport increased first and then dropped. However, from H9 to H2 and then to H10, the dispersion of the industry and office increased (Dispersion-D-I, Dispersion-N-I, Dispersion-D-O and Dispersion-N-O) , making the car-use dropped and the active transport increased.
Compared Eindhoven with hypothetic cities, although no cities had exactly same entropies with Eindhoven, it was obvious that when the entropies were close to those of Eindhoven, the travel behaviour was also close to Eindhoven's case. The cycling and walking, when separately, were not very precise to Eindhoven, but when together as the active transport, the results became much better.
Conclusion
The objective of this paper is to validate the simulation system. The process of calibration and validation provided an inspection of how the system works. The results showed that the system could generate a variety of land use patterns, and when the land use patterns of hypothetic cities were similar to those of real cities, the travel behaviour would be similar as well.
From the series of urban layouts, the impacts of land use pattern on travel behaviour could be observed. The impacts were somehow nonlinear and complex. The system presented in this paper is a useful tool that can help to improve our understanding of how does the land use affect the travel behaviour.
It is recognized that the following work for further research should be conducted. First, only a few variables were initially tested in this study, a detailed sensitivity analysis needs to be applied. Second, more measures of land use pattern besides land use mix, for example the concentration, clustering, and proximity (Galster et al., 2001) , should be introduced to the study. Third, this paper tested the system via only one city. To get more robust results, the system should be tested in more cases.
